
The two classes of patients who come to me with pessaries are
those with perfectly normal anteriorly displaced uteri which
need nothing, the patients having been made sick because
some fool doctor has put a pessary in, and secondly, the patients
with prolapse in which a pessary is of no use. Consequently I
feel that nobody in the East knows how to use them, barring
New York, and I intend to make a special trip to New York
to see whether they are correctly used there. The ability seems
to be confined to the West or to the Middle West, to Chicago
principally. I showed by the model this morning how useless
is the weak end of the round ligament in this operation. But
I shall convince Dr. Gellhorn of his wrong position by showing
him by the model that that end of the ligament is not used
at all in the operation.

 

Dr. D. Tod Gilliam, Columbus, 0. : The only criticism
made of the operation which I have devised is that it leaves
bands in the peritoneal cavity which are liable to produce
obstruction of the bowels. "The proof of the pudding is the
eating thereof." For ten long years or more this operation
has been performed thousands of times by hundreds of dif¬
ferent operators and there has never been a case of obstruc¬
tion of the bowels.

Dr. F. F. Simpson, Pittsburg: I think we all recognize
the fact that there are many displacements of the uterus
that require no treatment and that many others are corrected
by the pessary. There are many others in which some coinci¬
dent disease, cardiac, renal, pulmonary, thyroid or other dis¬
ease, contraindicates any type of operation for any purpose.
In such cases benefit is obtained from the use of the pessary.
The work of Drs. Reynolds, Goldthwaite and others has shown
the importance of examination of the sacroiliac joint before
the treatment of displacement by any method is to be con¬
sidered. In reference to the employment of other operations
than those devised by the individual operator, I have used and
am constantly using parts of operations of different types and
expect to continue to do so.

Dr. A. Goldspohn, Chicago: Dr. Coffey makes several
assumptions that are fundamentally wrong : ( 1 ) He assumes
that all abdominal as well as pelvic organs are held in their
places chiefly by their peritoneal mesenteric supports. The
truth is that the abdominal walls hold the abdominal organs
chiefly, as we soon find out when these walls are defective.
On the other hand, the uterine supports have either connective
tissue or muscle in them in addition to the peritoneum. The
free expansion of pelvic tumors shows that peritoneum holds
not much better than skin. (2) That two layers of stomach
or intestinal wall may unite and form one layer permanently,
does not prove that the same will be true of the broad rind
round ligaments about the uterus, which are subject to the
phenomenal and entirely peculiar changes incident to gestation
and parturition, which does not apply to intestines, etc.   
secondary laparotomies I have repeatedly seen all such plica¬
tions and foldings of broad and round ligaments completely
wiped out without leaving a trace of the former work, after an

intervening childbirth. In rétroversion cases, the displacement
had nearly always recurred. That the proposed plications of
broad ligaments proposed by Dr. Coffey do give way as above
stated, is shown by his declaration that the involved round
ligaments disentangle themselves later, and assume their usual
course. This they could not do without the giving way of the
broad ligament plications. The doctor practically constructs
two connected links of a chain, and then claims that they
become separated without either one of them being broken.
The-operations devised bj' Drs. Webster, Baldy, Ries and a

number of others for rétroversion, are inferior as to stability,
because they depend on the tapering, feeble outer ends of the
round ligaments to do holding, which they cannot do because
of their feebleness and because of their course in areolar tissue
extraperitoneally before entering the inguinal canals. I have
practiced, for some years past, median section with removal
of the appendix and other explorations, and have corrected
rétroversions in a small number of cases by shortening the
sacro-uterine ligaments; in others by transplantation of the
round ligaments into the abdominal walls, by several of the
different methods, chiefly by a modified Gilliam operation, in
« Inch the uterus is drawn up more, so that it comes in contact

with the abdominal wall, and the utero-vesical space becomes
quite effectively shut off from the entrance of the small
intestine. The theoretical arguments about intestinal stran¬
gulation, etc., do not apply to this form of the operation at
least, of which I have over 500 that are fully two years old,
and without any such disaster, or any difficulty in childbirth.

IMMUNOLOGY
A MEDICAL SCIENCE DEVELOPED THROUGH ANIMAL

EXPERIMENTATION

FREDERICK P. GAY, M.D.
Professor of Pathology, University of California

BERKELEY, CAL.

Perhaps no other of the medical sciences can be so
suitably discussed in relation to animal experimenta-
tion as immunology, because no other science has been
so dependent on this method of attack for its develop-
ment.

The science of immunity, or immunology, would ex-

plain the mechanism by which the animal body is ena-
bled to resist disease. In addition to its fascination as
a biologic science, immunology offers the added interest
of the greatest human utility, the prevention and cure
of disease; and precisely in this vital significance lies
at once the importance of the science and a potential
danger to its sound development. This danger arises
in an overanxiousness to apply supposedly specific agents
before the principles that underlie their apparent effect
have been determined. The history of immunology has,
indeed, brought into particular relief certain interesting
relations of theory to practice, worthy of more philo-
sophic discussion, but we may content ourselves with
an attempt to point out the usual sequence of observed
facts, logical deduction, inductive experiment, and, in
concluded chapters, application of principle in the diag¬
nosis and prevention of disease.

The relatively recent development of any exact knowl¬
edge of the mechanism of immunity is at first glance
surprising, when we consider that certain examples of
natural and of acquired resistance to disease have been
recognized since ancient times. Some attempts to turn
these recognized examples to practical use were from
the beginning successful, but none of them was inaugu¬
rated with that understanding of the principle involved
which brings the greatest utilitarian reward. It is ob¬
viously no lack of human interest in the subject which
has delayed the evolution of immunology, but largely
the lack of a suitable method of attack on so obscure a

subject. The method was eventually furnished by the
recrudescence of the experimental idea as applied to
medicine and particularly as exemplified in the progress
that has been made in determining the causation of
disease. Immunology, indeed, parallels bacteriology
both in chronology and in method. Before considering
the development of the experimental science of immun¬
ity we may outline:
I. THE DATA OF IMMUNITY ACQUIRED FROM CASUISTICS

The first and most wide-spread type of resistance to
disease is the inborn or natural immunity which is evi¬
dent on the initial exposure to a given malady. With

This paper is one of the series prepared for and reprinted by
the Council on Defense of Medical Research of the American Medi-
cal Association for circulation among the public. Seventeen of these
pamphlets are now ready, taking up the relations of animal experi-
mentation to ethics, diagnosis, cancer, vaccination, the live stock
industry, tuberculosis, typhoid, dysentery, plague, rabies, surgery,
internal secretions, circulation of the blood, tropical diseases, etc.
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an increasing intensity, as expressed in more and more
marked resistance to infection, natural immunity serves
to differentiate individuals of a given race, races of a

given species, and species of animals from one another.
The individual type of natural immunity may be

noted whenever a group is subjected to equal chances
of infection or contagion; certain individuals succumb
while others resist. A familiar example to illustrate
this relative individual resistance is given in any group
of pathologists who are performing numerous post¬
mortem examinations; some members of this group are

 

veritable martyrs to post-mortem infections, whereas
others are practically immune. This type of resistance
is frequently temporary and in all respects relative; it is
dependent on certain subtle differences in general health
and nutrition and may be evidenced by certain changes
in the bactericidal properties of the blood, to which
reference will later be made.

Natural racial immunity, to which attention was called
as early as the sixteenth century, is in all probability
dependent on differences in food and general hygiene.
It is difficult to be certain in many so-called examples
of racial immunity that have been given whether the
increased resistance is in reality inborn or simply ac¬

quired through recovery from disease. The marked
resistance of certain races of mice to a transmissible
tumor (Haaland),1 which resistance may actually be
lowered by a change in environment, would seem a cer¬
tain example of a natural racial immunity.

Species immunity is the most evident and distinctive
type of natural immunity. The difference in resistance
between any two species of animals to a given infection
varies in general with the distance apart that these
species lie in the animal scale. Although familiar ex¬

amples of species immunity occur throughout the ani¬
mal kingdom, those of the greatest interest occur in
relation to a whole series of typical human diseases,
syphilis, measles, typhoid fever, gonorrhea and the like,
which never occur spontaneously in the lower animals,
and cannot be transmitted to them or at best in modified
form only. Eecent studies with the higher anthropoid
apes, however, have shown that at least certain of these
typically human diseases (e. g., syphilis and typhoid
fever) may be produced in these animals because they
are most nearly related to the human species. In a

general way, species resistance may be attributed to
differences in metabolism, body temperature, intestinal
enzymes and the like.

Of far greater significance and practical bearing are
those instances of immunity acquired through recovery
from a given disease. It is a matter of human experi¬
ence that man has usually but a single attack of many
of the. diseases to which he is peculiarly susceptible,
such as smallpox, typhoid fever, measles and yellow
fever. In the face of epidemics where only those that
have been previously affected are spared it is evident
that such recovered individuals are protected, not as
the result of chance, but owing to some induced mechan¬
ism of protection against the disease. Similar condi¬
tions of acquired immunity have frequently been noted
in domestic animals.

Logical deduction from these observed instances of
acquired immunity long since led to attempts to repro¬
duce this advantageous condition artificially. Empiri¬
cal efforts have been made even among primitive peo¬
ples to induce in individuals some endurable form of

1. Haaland: Beobachtungen \l=u"\bernat\l=u"\rlicheGeschw\l=u"\lstresistenz
bei M\l=a"\usen,Berl. klin. Wchnschr., 1907, xliv, 713.

a fatal disease so that they might subsequently be better
protected from chance infection. The African Vatuas2
have been reported as practicing an efficient form of
self-immunization against snake venom ; the Moors early
protected their cattle from pleuropneumonia by run¬

ning under their skin a knife that had been plunged
into the lung of an animal that had died of the disease.
It is well known that the Chinese and other peoples of
the East protected themselves from smallpox by vario-
lization, which was effected by inserting the scabs of
human smallpox lesions in the nose of healthy individ¬
uals. A similar method was introduced into England by
Lady Mary Wortley Montague in 1721 and was em¬

ployed until the observations of Jenner on the relation
of cowpox to smallpox in 1798 led to the present method
of prevention of the disease by vaccination. The chance
that a disease of cattle (vaccinia) is intimately related
to a fatal human disease and that an attack of the one in
the form of a localized disease would protect against
the more generalized malady, alone rendered Jenner's
observation fruitful. No generalized conception of the
principle of "vaccination with a virus of diminished
virulence," as later established by Pasteur, however,
existed. This is evidenced by disastrous attempts that
were later made to prevent measles, diphtheria and scar¬
latina by similar methods.
II. THE DEVELOPMENT OF IMMUNOLOGY THROUGH ANI¬

MAL EXPERIMENTATION

Centuries of careful observation of facts obtruded by
Nature in the course of devastating epidemics had taught
at least two important principles in regard to resistance
to disease: an acquired immunity follows recovery from
an attack in perhaps the majority of acute diseases ; and
in at least one instance (smallpox) this acquired im¬
munity may be artificially induced through a mild form
of the disease. In the past thirty years the assets of
utility from our knowledge of immunity have been
multiplied to an extent that it would be difficult to esti¬
mate, to say nothing of the additional data of present
theoretical interest which may ultimately be available
in practice. And this advance has been rendered possi¬ble by animal experimentation.

It is the purpose of an experimental science to replace
accident by design. A disease produced experimentally
in animals offers innumerable advantages to one inter¬
ested in its natural history;, it offers the only method
of obtaining the significant stages of the disease in com¬

plete series for more minute examination. Only the
interruption of an experimentally produced disease at
successive periods in its course can afford exact informa¬
tion as to the method by which infection spreads and
immunity is produced.

The discovery of the fundamental principles of bac¬
teriology by Pasteur and Koch, the isolation and culti¬
vation of bacteria in pure culture, and the proved etio-
logic relation of a definite micro-organism to a given
disease, gave new impetus to the principle of vaccina¬
tion exploited by Jenner. The work of Pasteur and his
pupils with the bacillus of chicken cholera on animals
laid the foundation for the discovery of the great prin¬
ciple of vaccination by means of bacteria] cultures of
diminished virulence. This diminution of virulence was

obtained, in the case of chicken cholera, by long growth
on artificial culture -media, and later, in the case of
anthrax by subjecting the cultures to growth at high

2. Metchnikoff:L'Immunit\l=e'\ dans les maladies infectieuse[ill]
Masson et Cie, Paris.
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temperatures. Similar methods of vaccination have been
employed in the case of swine erysipelas and blackleg.
In all instances the method has been arrived at by care¬
ful experimentation on animals and the products now

used broadcast in actual prevention are first tested for
virulence on laboratory animals. It is not my purpose
to enter into a discussion of the practical results of
protective inoculation but simply to indicate how the
method of animal experimentation in bacteriology en¬
riched the data of immunity.

Immunology may be regarded as having been differ¬
entiated into a specialized science from the moment that
effective attempts to explain the physiologic mechanism
that protects immunized animals were made. Theories
of immunity were offered by Pasteur, Koch and others,
but they were based largely on speculation drawn from
the bare results of infection rather than from experi¬
ments designed to expose the process of immunity itself.
In 1876 Koch3 attributed conditions of immunity to
some change in the condition of the blood. Pasteur's
exhaustion theory (1880)4 supposed that bacteria fail
to grow in immunized animals owing to a lack of proper
nutritive substances. A similar condition could be pro¬
duced in artificial culture media as was shown by the
failure of fresh chicken cholera bacilli to grow in fil¬
tered media that had already served for the growth of
this bacterium; the addition of a little fresh bouillon
containing fresh nutritive substances permitted growth
to proceed. Chauveau5 in the same year would have
explained immunity as due to the retention in the body
of certain substances which inhibit bacterial growth. It
is of interest to note that in none of these theories is any
allowance made for active participation on the part of
the animal itself in the production of resistance. The
theories of Nägeli, of Büchner and of Grawitz do at least
emphasize a reaction on the part of the animal itself,
although they have proved in other ways inadequate.

It remained for Metclmikoff, a biologist, to give the
first experimental evidence explanatory of the process
of immunity. In 1882 Metclmikoff began recording
his observations on the function of the white blood cor¬

puscles in protecting the body from disease, observa¬
tions which in his hands and in those of his followers
have continued fruitful to the present day. Before
Metclmikoff, mention has already been made of the pres¬
ence and of the disintegration of bacteria within leu¬
kocytes and Panum6 in 1874 had even suggested that
such cells might be serving some protective purpose.
The general conception of the accumulation of leuko¬
cytes which characterizes inflammation, however, was

that it was a- means of spreading rather than of check¬
ing infection. Metclmikoff had been making studies of
the origin of digestive functions in cells of mesoclermal
origin. He suggested that the inclusion of particles
and cells within leukocytes was clue to an active digest¬
ive function in these mesodermal cells and ventured, the
assertion that their diapedesis during inflammation was

a protective mechanism. In one of the crustaceans,
Daphnia, which frequently suffers from an infection
with a form of blastomyces (Monosporon bicuspidata),
Metclmikoff was able to show that the outcome of the
infection depends entirely on the completeness with
which the blastomyces is engulfed by the leukocytes of
the host. He was soon after able to demonstrate that

3. Koch : Cohn's Beitr\l=a"\gezur Biologie der Pflanzen, 1876, ii,
300.

4. Pasteur: Compt. rend. Acad. d. sc., 1880, xc, 247.
5. Chauveau: Compt. rend. Acad. d. sc., 1880, xci, 536.
6. Panum: Virchow's Arch. f. path.-anat., 1874, lx, 347.

frogs and mammals also combat experimental bacterial
infection by a similar process of phagocytosis.7

NATURAL IMMUNITY FROM BACTERIA

Although this phagocytic theory of immunity at first
encountered extreme opposition, its opponents have grad¬
ually yielded more and more toward complete accept¬
ance of the interpretation that Metchnikoff has with per¬
sistence yet remarkable fairness of judgment insisted
on. It is generally admitted that many forms of natural
immunity in particular are best explained on a simple
phagocytic basis. The more complicated types of ac¬

quired immunity are less directly, though unmistaka¬
bly, related with activity on the part of the white blood-
cells. Leaving until later a discussion of the part played
in each form of immunity by the cells, we may briefly
outline the mechanism of phagocytosis in those instances
in which it has been shown to be distinctive.

In the first place, the phagocytic cells may be divided
into two general types as regards function. The small,
actively motile polymorphonuclear cells of the circu¬
lating blood are practically concerned only in making
way with the bacteria which produce acute infections;
these cells are called "microphages." Under "macro¬
phages" are grouped the large mononuclear leukocytes
and certain endothelial and fixed tissue cells; the func¬
tion of these cells is to take up other animal cells, such
as red blood-corpuscles and protozoa, and also certain
bacteria, like the tubercle and leprosy bacillus, which
produce chronic infections.

It has been shown by careful studies, both within the
animal body and in mixtures made in the test-tube,
that the phenomenon of phagocytosis may be divided into
three phases. In the first phase the leukocytes approach
non-virulent bacteria owing to a positive chemotactic
influence which the latter exert. If the bacteria are

markedly virulent, on the other hand, they exert a nega¬
tive chemotactic influence. These important facts of
positive and negative chemotaxis were ingeniously
demonstrated by Bordet,8 who placed small capillary
glass tubes filled with the bacteria to be tested in the
peritoneal cavity of guinea-pigs and later measured the
length of the columns of leukocytes that had penetrated
the tubes. After reaching the bacteria the phagocytes
engulf them, owing in all probability to an active ame¬
boid process, although it has been suggested that this
apparent activity is due in reality to a simple physical
change of surface tension. The bacteria, once within
the leukocytes, are broken up by a process of digestion.
An extract of leukocytes may be made which contains
an enzyme (cytase) capable of producing this digestion
at body temperature outside the body and the extract
has been shown to vary in accordance with whether it
is derived from microphages or macrophages. The ex¬
tract of microphages (microcytase) is particularly active
against bacteria and is effective only in an alkaline
medium; it has little effect on animal cells. Macrocy-
tase, on the other hand, derived from the mononuclear
cells, works best in an acid medium and destroys animal
cells.

The active opposition with which Metchnikoff's cellu¬
lar theory of immunity was at first met was directly
productive of important facts which at first seemed to

7. For detailed consideration of Metchnikoff's phagocytic theory,
see Metchnikoff's L'Immunit\l=e'\dans les maladies infectieuses, which
is also obtainable in English translation. (F. G. Binnie, Cambridge
University Press.)

8. Bordet-Gay: Studies in Immunity, pp. 1 and 8, Wiley and Son
New York, 1909.
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attribute the active protective power of the blood to the
fluid portion rather than to the leukocytes. In 1885
Fodoru showed that anthrax bacilli, when mixed with
fresh rabbit blood in the process of clotting, were de¬
stroyed; and two years later Nuttall10 showed that fresh
defibrinated blood would produce the same effect. In
LS!)1 Buchner11 proved this bactericidal effect of fresh
blood to be due to the cell-free blood serum, whether it
is obtained by defibrination or by clotting. Büchner
further described certain ferment-like substances in the
serum to which this destructive power over bacteria is
due and to which he gave the name of alexins (from
      to ward off or protect). The alexins resist freez¬
ing and thawing, but are destroyed by heating to 55 C.
for one-half hour. They are unaffected by dilution· in
physiologic salt solution and may be precipitated with
sodium sulphate. Such physical and chemical charac¬
teristics have caused alexins to be classed with the
enzymes without any very profound knowledge as to
their chemical composition.

Further studies, particularly those dealing with the
origin of alexin, seem to have shown that the bactericidal
property of cell-free serum is in reality no disproof of
the correctness of Metchnikoff's conception of the cellu¬
lar nature of natural immunity. There is good experi¬
mental evidence for the belief that the alexin of Büch¬
ner is never present in the blood plasma in the body,
but is artificially liberated in blood serum by clotting,
owing to a disintegration of the leukocytes which nor¬

mally contain it. In other words, the "alexin" is synon¬
ymous with Metchnikoff's leukocytic ferment, the
''cytase," which under usual conditions destroys bacteria
within the cell (phagocytosis) and under abnormal con¬

ditions in shed blood is liberated in the serum. Many
experimental observations have been adduced to prove
this point. For instance it may be shown that the alexin
varies with the degree of leucocytosis ; leukocytic extract
is essentially the same in its action as alexin ; and alexin
increases in the serum under conditions which favor
disintegrating of leukocytes.

It would seem, then, that the leukocytes are largely
responsible, either directly through phagocytosis or

indirectly through liberation of cytase or alexin, for
the condition of natural immunity from bacteria and
animal cells. As we shall presently see, the study of
conditions of acquired immunity, although in a measure

complicating this explanation, has led to far greater
i us ¡dit of practical significance in combating disease.

IMMUNITY FROM TOXINS

At this point it is advisable both for reasons of chron¬
ology and exposition to interrupt temporarily our con¬

sideration of the mechanism of animal defense against
bacteria as such. Bacteria that have gained entrance
to the body are harmful, not only because they increase
rapidly in numbers when unrestricted, but because they
eliminate harmful products. These harmful products
may be either simple chemical substances like acids and
alkalies, bacterial proteins, known as ptomains, or more

particularly, in certain instances, true bacterial toxins.
Toxins are albuminoid substances, of unknown chemical
constitution, which are specific both in their origin and
in the effect they produce. They are endowed with cer¬

tain other recognizable characteristics; they produce
their harmful and specific effects only after a period of

9. Fodor: Deutsch. med. Wchnschr., 1885, p. 435.
10. Nuttall: Ztschr. f. Hyg., 1888, iv, 353.
11. Buchner: Centralblatt f. Bakteriol., v, 817.

incubation; they are readily destroyed by heat; they act
in very small doses; and lastly, as we shall presently
see, they produce antitoxins. Pasteur, as early as 1880,
noted that old bouillon cultures of the Bacillus avisep-
ticus which had been filtered free from bacteria would,
on injection into animals, produce symptoms of narcosis.
In 1888 Eoux and Yersin12 described a toxin found in
filtered cultures of the diphtheria bacillus which was

fatal for guinea-pigs in very small doses. Although the
possibility of specific protection from bacterial invasion
by means of previous treatment with killed or modified
bacterial cultures was then known, attempts at a similar
protection against this diphtheria toxin were at first
unsuccessful. In the following year Kitasato succeeded
in obtaining a pare culture of the tetanus bacillus and
in 1890 von Behring and Kitasato13 obtained tetanus
toxin from such cultures. They found furthermore
that by treatment with certain chemical substances the
toxins of diphtheria and of tetanus could be weakened so

as to be better supported by laboratory animals; ani¬
mals treated with these weakened toxins became immune
from doses of the whole toxin that were fatal to the
normal animal. And, more important still, it was shown
that the blood of such actively immunized animals
would protect normal animals against subsequent injec¬
tion of fatal doses of toxin, or would even cure, within
reasonable time limits, animals that had already re¬

ceived the toxin. These experiments form the rational
basis for the present highly effective antitoxin treatment
of diphtheria and for the prevention of tetanus.

The interesting studies of Ehrlich14 as to the mode
of interaction of antitoxin with toxin not only gave rise
to an enormously ingenious and fruitful theory of
immunity but determined the recognized method of esti¬
mating and standardizing, by the use of guinea-pigs, the
exact curative value of diphtheria antitoxin. We need not
concern ourselves with the theories of antitoxin effect,
as their interest, although of ultimate utilitarian value,
is immediately largely academic. In addition to the
better studied toxins of diphtheria and tetanus, true
toxins have been described as formed by cholera vibrios,
the bacillus of meat poisoning (B. botulinus), the dys¬
entery bacillus of Shiga and the Bacillus typhosus. The
exact relation of each of these latter toxins to patho-
genesis of the disease in question is not fully determined
nor can any final word be given as to the efficacy of an
antitoxin treatment in many of these instances. In the
case of the dysentery bacillus, at least, almost certain
results may ultimately be expected from specific anti¬
toxin therapy.

ACQUIRED IMMUNITY FROM BACTERIA

Reference has already been made to the important
discovery of Pasteur that animals could be immunized
by means of cultures of diminished virulence. In 1886
Salmon and Smith17 showed that pigeons could be im¬
munized' against the hog cholera bacillus by means of
cultures that had actually been killed by heat. In 1888
Eichet and Hericourtls proved that this antibacterial
type of immunity is transferable from one animal
species to another. Von Behring and Nissen19 demon-

12. Roux and Yersin: Annales de l'Inst. Pasteur, 1888, ii, 629.
13. v. Behring and Kitasato: Deutsch. med. Wchnschr., 1890,

No. 49.
14. Ehrlich-Bolduan: Collected Studies in Immunity, ed. 2,

p. 481, Wiley and Sons, New York.
17. Salmon and Smith: Centralbl. f. Bakteriol., 1887, ii, 543.
18. Richet and Hericourt: Compt. rend. Acad. d. sc., 1888, cvii,

690.
19. v. Behring and Nissen: Ztschr. f. Hyg., 1890, viii, 412.
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strated (1890) that the blood-serum of guinea-pigs that
had been immunized against the Vibrio metchnikovi,
would kill these micro-organisms better in vitro than
would the serum of normal guinea-pigs.

The extreme interest that greeted the discovery of the
antitoxins led at first to a misconception of the mech¬
anism of the protection afforded animals by the inocu¬
lation of bacterial cultures. It was at once supposed
that in the majority of instances, for example, in the
immunity against spirilla, the protection was antitoxic.
In 1894, however, Pfeiffer20 began his studies with
cholera infection and immunity which led to a revolu¬
tion in our conception of acquired immunity from bac¬
teria. Pfeiffer injected cholera spirilla into the peri¬
toneal cavity of guinea-pigs that had been immunized

.

by means of subcutaneous inoculations of this micro¬
organism. Whereas in the normal peritoneum the spir¬
illum increases rapidly in numbers and leads to a fatal
infection, in the immunized peritoneum the vibrios are

found to undergo rapid lysis; preparations made at
intervals from the peritoneal exúdate show increasing
numbers of deep-staining granules which finally replace
the normal vibrios entirely. Coincidentally with this
"bacteriolysis" the animal recovers. Pfeiffer further
showed that although his serum obtained from immu¬
nized guinea-pigs had in itself no destructive power for
the vibrios in vitro, it would, when mixed with them and
injected into the peritoneal cavity of normal guinea-pigs
lead to the specific form of lysis.

Bordet21 was first to offer the correct explanation of
"Pfeiffer's phenomenon," as it is called. He found that
if the anticholera serum was employed soon after re¬

moval from an immunized guinea-pig it would suf¬
fice alone to destroy the vibrios in the test-tube. Heating
to 55 C. or conservation for several days destroyed this
lytic property, but the property could be restored to the
inactive cholera serum by the addition of fresh normal
guinea-pig serum which in itself has no lytic property.
In other words, the specific lytic effect of anticholera
serum is due to the cooperation of two substances, one
of which occurs in all fresh normal serums, is destroyed
by heat, is non-specific and is identical with Buclmer's
alexin (Ehrlich's complement). The second substance,
the substance préventive or substance sensibilisatrice
(Ehrlich's amboceptor) as Bordet called it, is specific,
occurs only as the result of immunization, and resists
heating to 55 C.

The further investigation of the finer interaction of
these two substances concerned in bacteriolysis was ren¬

dered possible by Bordet's discovery of the artificial
hemolysins in 1898.vl Bordet found that the blood-
serum of guinea-pigs that have received several injec¬
tions of rabbit blood acquires the property of specific
destruction of rabbit red blood-cells. He was further
able to show that this corpuscle destruction or hemolysis
is also brought about by the combined action of alexin
with a specific sensitizer. These fundamental facts have
since been amplified to an extraordinary extent by the
studies both of Bordet and of Ehrlich and his school.23
Anti-hemolysins, composed in turn of antialexin and
antisensitizer, have been described and their study has
given great insight into the action of the antibodies in
general. Ehrlich's explanation of the interaction of

20. Pfeiffer: Ztschr. f. Hyg., 1894, xviii, 1.
21. Bordet-Gay: Studies in Immunity, pp. 8 and 56.
22. Bordet-Gay: Studies in Immunity, p. 134 and subsequent

chapters.
23. Ehrlich-Bolduan: See Collected Studies in Immunity, ed. 2.

antibodies and their antigens has been on the line of
organic chemical reactions, whereas Bordet has per¬
sistently favored an explanation in harmony with the
laws of physical and later of colloidal chemistry. There
is now little doubt that the colloidal theory best agrees
with the facts.

Many other questions of at first academic and of later
practical interest have arisen from the studies on bac-
teriolysins and hemolysins. Thus the dispute between
Bordet and Ehrlich as to the unity or the multiplicity
of alexins gave rise to Bordet'e "reaction of fixation"
which has served as a most valuable diagnostic test of
bacterial infections and has been particularly exploited
in Wassermann's test for syphilis. A study by Bordet
and Gay24 in refutation of Ehrlich's conception of the
sensitizer as an amboceptor led to the conglutination
reaction which promises much as a method of serum

diagnosis.25
As may well be conceived the explanation of acquired

anti-infectious immunity on purely humoral lines is
certainly suggested by the work of Pfeiffer, Bordet and
Ehrlich and such explanation would seem to be in essen¬
tial disagreement with Metchnikoff's phagocytic theory
as applied to this type of immunity. The disagreement
is, however, more apparent than real. Metchnikoff soon

pointed out that Pfeiffer's phenomenon of extracellular
bacteriolysis is exceptional and occurs practically only
with such delicate micro-organisms as the vibrios. In
even this instance Metchnikoff believes that the lysis is
preceded by a destruction of leukocytes, which liberates
the cytase or alexin from them into the surrounding
fluid.

But even though it becomes generally accepted, as
seems likely, that all alexin is derived from leukocytes
the relation of Bordet's sensitizer to phagocytosis in
acquired immunity remains to be explained. It is ad¬
mitted that the sensitizer of immune serum is free even
in the plasma and in no sense an artificial product, as

may be the case with alexin. The work of Denys and
his pupils, which began in 1895,26 threw the first light
on this important question. Denys studied the pro¬
tective and curative effect of an antistreptococcus serum
on rabbits that had been infected with the streptococcus.
He finds that the immunity afforded by this serum is
due to its effect on the micro-organisms which renders
them more readily taken up by phagocytes; the leuko¬
cytes themselves in the immunized animals do not differ
from those of the normal animal. In 1.902 Savtchenko27
noted that a hemolytic serum likewise increases the sus¬

ceptibility of the specific red blood-cells to phagocytosis.
Neufeld and Eimpau28 have followed the lead suggested
by Denys and worked out with great care the effect of
their "bacteriotropins," by which name they designate
those substances in an immune serum which favor
phagocytosis.

In 1903 A. E. Wright29 described under the name of
"opsonins" certain substances in the serum of human
beings which when estimated quantitatively are sup¬
posed to indicate the intensity of the resistance of the
individual to a given infection. Wright was able ap¬
parently to increase these protective opsonins, in case of
lack, by "vaccination" with killed cultures of the micro-

24. Bordet-Gay: Studies in Immunity, p. 363.
25. Gay and Lucas: Proc. Soc. Exper. Biol. and Med., 1910, vii,

21.
26. Denys and Leclef: La cellule, 1895.
27. Savtchenko: Ann. de l'Inst. Pasteur, 1902.
28. Neufeld and Rimpau: Deutsche med. Wchnsch., 1904, and

Ztschr. f. Hyg., 1905.
29. Wright, Sir A. E.: Studies in Immunization, Constable, 1909.
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organism in question. Although Wright's work has the
merit of attracting attention to the principle of cure by
vaccination it is marred from a scientific standpoint by
his failures to recognize the relation of his "opsonins"
to the substances described by Denys, and particularly by
the lack of fundamental experimental work on animals
which subsequently in the hands of others has given us
a more judicious attitude towards the theoretical and
practical interest of his discovery. Animal experimenta¬
tion has shown that even under the best experimental
conditions, little value can be ascribed to Wright's
"opsonic index" as an indication for specific treatment,
grateful as such a method would be if accurate. Experi¬
mental work has further shown that the "immune op¬
sonins" of Wright are probably identical with the ''bac-
teriotropins" of Neufelcl and Eimpau and probably differ
quantitatively only from Wright's normal opsonins. Al¬
though Wright's first observations, which were not made
under the best experimental conditions, led him to be¬
lieve that his opsonins differed from the sensitizers of
Bordet (Ehrlich's amboeeptors) inasmuch as they are

apparently thermolabile (55 C), there now seems no
reason for this artificial separation.

The following summary is, I believe, consistent with
the facts at our disposal and is offered as a simple ex¬

planation of anti-infectious immunity. Bacteria are de¬
stroyed in the body of an immune animal by the action of
two substances, the sensitizer which is the specific result
of immunization, and which lies free in the plasma, and
the alexin which under usual conditions in the body lies
within the phagocyte. If phagocytosis has taken place
the alexin works in situ; if phagolysis occurs the alexin
is liberated and acts in the fluid extracellularly. There
is, further, reason to believe that the more potent the
sensitizer the more likely it is that phagolysis should
occur, and in all events the greater the sensitization is
the less the alexin required.
-

In vitro the bacteria are destroyed in a similar manner

except that under such conditions when fresh serum is
employed free alexin is the rule. When the alexin em¬

ployed has been retained in the phagocyte as in the case
in opsonin experiments, the destruction is intracellular
subsequent to phagocytosis. The reason that normal
opsonins are apparently thermolabile is because the nor¬
mal extracellular alexin is destroyed and the normal
opsonin (sensitizer) is not sufficiently potent to draw
out the intracellular alexin or to cause the opsonized
bacterium to be drawn within the cell. The destruction
of the extracellular alexin is immaterial, however, in
the case of immune opsonins (bacteriotropins) as their
strong sensitizing power either makes use of a trace of
alexin liberated by the phagocytes or else suffices to
draw the treated bacteria within the cell.

The discovery of the artificial hemolysins gave rise to
the hope that specific immune serums for other animal
cells might be produced. The possibility of a specific
epitheliolysin was particularly alluring in view of treat¬
ment of malignant tumora. The general conception of
the cytolysins now is that they are specific for any cell
of the species that has furnished the antigenic tissue
rather than for any particular type of cell.

At this point may be mentioned certain other proper-
tics of immune serums that were discovered in connec¬
tion with the ftudies on bacteriolysis and hemolysis.
Charrin and Boger30 noted as early as 1889 that a spe¬
cific serum which was active against B. pypcyaneus

30. Charrin and Roger: Compt. rend. Soc. de biol., 1889, p. 667.

would clump cultures of this bacterium and the specific
nature of this phenomenon of agglutination and many
of the factors that control it were worked out by Bordet
in 1895.31 The applicability of the agglutination reac¬
tion in the diagnosis of bacterial infections was ex¬

ploited by Gruber and Durham in 1896.32 The early
work of Kraus, 1897,33 of Tschowitsch34 and of Bordet,
189935 with bacteriolytie and hemolytie serum disclosed
the specific phenomenon of precipitation, which was
soon applied in the well-known forensic test for blood
by Wassermann and by Uhlenhuth.

In concluding this outline of the development of
immunology mention should-be made of the interesting
phenomenon of anaphylaxis or increased susceptibility,
which under certain conditions follows injection of
harmful proteins such as bacteria or of non-toxic pro¬
teins like horse serum. Eosenau and Anderson30 and
Otto37 (1906) were first to draw attention to this con¬

dition, although it had been previously described and
named by Eichet. Eosenau and Anderson described the
violent convulsive reaction, frequently followed by death,
which follows the injection of horse serum in guinea-pigs
that have previously received a minute dose of the same

substance. Similar reactions have been studied follow¬
ing injections of bacteria. This extraordinary condi¬
tion, which is apparently the opposite of the protective
reactions of immunity, bears some mysterious but un¬
doubted relation' to the latter process. Although the
outcome of the numerous studies on the relation of
anaphylaxis to immunity now in progress are doubtful,
little doubt may be entertained as to their theoretical
interest and practical importance.

CONCLUSION

This article has attempted to outline step by step the
development of immunology, a science worthy of special¬
ized consideration both on account of its biological inter¬
est and its vital applicability. Nothing more than a

suggestion of the application of immunology has been
given. It has been evident that no true conception of
the principles of immunity was possible until the meth¬
ods of experimentation on living animals were applied.
And each successive principle determined has of neces¬

sity depended on further animal experimentation. The
sacrifice of animal life necessitated in acquiring our

present knowledge of the mechanism of animal resist¬
ance to disease would seem justified from the standpoint
of theory alone. In view of the present and potential
value of applied immunology in the diagnosis, the pre¬
vention, and the cure of human and animal disease,
skilled animal experimentation necessitates the encour¬

agement of every humanitarian.
University of California.

Differential Diagnosis of Traumatic Neurasthenia.—Head
injuries and railway accidents causing cerebral commotion,
without producing actual brain lesions, may set up a trau¬
matic neurasthenia, but general paralysis of the insane not
infrequently follows a head injury in an individual predis¬
posed by his past life to that disease, and it may be difficult
to decide whether the patient is suffering from traumatic
neurasthenia or the prodromal stage of general paralysis,
unless a careful examination and investigation be made.—F.
W. Mott, in the Practitioner.

31. Bordet-Gay: Studies in Immunity. p. 142.
32. Gruber and Durham: M\l=u"\nchen.med. Wchnschr., 1896, p. 285.
33. Kraus: Wien. klin. Wchnschr., 1897, No. 32.
34. Tschowitsch: Ann. de I'Inst. Pasteur, 1899.
35. Bordet-Gay: Studies in Immunity, p. 148.
36. Rosenau and Anderson: Jour. Med. Research, 1906, xv, 179.
37. Otto: Leuthold Gdnkschr., Berlin, 1906.
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